Background
Introduction
Sleep disorders are a universal public health problem. In the United States, approximately 50 to 70 million people suffer from sleep disorders [1] , and most of these cases can progress to chronic insomnia. The prevalence of chronic insomnia is rising, with affected patients accounting for 10% of the total population [1] . Chronic insomnia has been associated with adverse health outcomes and poor quality of life [2] .
Sleep disorders can be treated using medications and psychological therapy, of which hypnotics are the most common treatment [3] . Hypnotics include traditional benzodiazepines (BZDs) and the new generation of non-BZDs. Approximately 10 to 15% of the population in the United States and Europe [4] and 3.5 to 5.4% of the population in Japan [5] are treated with hypnotics.
The prevalence of sleep disorders in Taiwan is high and continues to increase. According to the results of a recent survey, the prevalence of sleep disorders in Taiwan is 21.8%, which indicates that approximately 4.8 million people have sleep disorders, of whom 2 million suffer from chronic insomnia [6] . The use of hypnotics, especially the new generation non-BZD drug zolpidem, is relatively high. Fig 1 shows the recent trend of zolpidem usage in Taiwan [7] .
Because chronic insomnia and the use of hypnotics are common, it is important to investigate the health effects of the long-term usage of these medications. However, due to restrictions regarding follow-up time and research subjects, it is difficult to undertake phase 4 clinical trials. Consequently, several population-based studies have been conducted to examine the relationship between the use of hypnotics and mortality [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , but no consistent results have been established. Furthermore, most of the aforementioned studies conducted surveys on hypnotics as a whole rather than on specific drugs, and the few studies that focused on specific hypnotics did not include a sufficient number of cases or a relatively long period of observation, such as more than five years. Therefore, to better understand the long-term effects of different types of hypnotics on mortality, we performed this study using data from a large-scale health insurance claims database that contained complete records of medical visits, including medications, over a period of 10 years.
Methods

Data source
In 1995, the National Health Insurance (NHI) program was initiated in Taiwan, and the coverage rate now exceeds 97% [21] . The research-oriented NHI Research Database (NHIRD) was established using claims data from the NHI program. One million people were randomly sampled from the NHIRD in 2000, 2005, and 2010. For each cohort from the three different years, the annual claims data of the enrollees were merged. This database is therefore representative and suitable for use in the long-term medical follow-up studies [22] . This study was reviewed and approved by the Institutional Review Board of Taipei Veterans General Hospital (VGHIRB No.: 2012-10-006BCY). The data were analyzed anonymously, and informed consent was not required from the study sample.
Study sample
We used two cohorts, one for 2000 and the other for 2005, from the NHIRD. The cumulative information from 2000 to 2009 regarding all selected enrollees' medical utilization was collected. The original sample comprised of 1,858,614 people. After eliminating 538,159 people who were under 18 years of age, and 133 people with unspecified gender, the sample used for analysis contained 1,320,322 people. A detailed description of the sample selection process is illustrated in Fig 2. 
Medication usage and other relevant information
Hypnotics were divided into BZDs and non-BZDs. The generic BZDs drugs marketed in Taiwan  include the BZDs brotizolam, estazolam, flunitrazepam, flurazepam, lormetazepam, midazolam, nitrazepam, and triazolam, and the non-BZDs include zaleplon, zolpidem, and zopiclone. Among our study subjects, 29% had taken hypnotics, of whom 70% had been prescribed with zolpidem. In light of the widespread use of zolpidem in Taiwan, this study investigated the relationship of mortality with the usage of zolpidem and other hypnotics. Consequently, the study subjects were categorized into five groups: those who took only zolpidem, those who took only non-BZDs apart from zolpidem, those who took only BZDs, those who took medications from more than one of the preceding three categories (combining zolpidem with another non-BZD, zolpidem with a BZD, or a non-BZD with a BZD), and those who did not take any hypnotics as a comparison group. (Fig 2) . The NHIRD includes information on medicine dosages, and thus it was also possible to analyze the dose-response relationship between hypnotics and death. Considering the comparability between different drugs, we used the defined daily dose (DDD) [23] , which standardizes the amount of drug consumption; we also calculated the cumulative defined daily dose (cDDD) for each subject during the study period. In addition, the dose in each hypnotic group was divided into three categories (less than 7 cDDD, 7-30 cDDD, and more than 30 cDDD). Age and gender for the subjects were included in our research data. The medical behavior of hypnotics users may be different from that of the general population (non-users). For example, most of the hypnotic drugs in this study are prescribed directly through clinics and thus the distribution of the main medical facility of hypnotics users may differ from that of the general population. Therefore, data on level of main medical facility was included in the analysis. The level and classification of main medical facility that the study subjects most commonly visited comprised of medical centers, regional hospitals, local hospitals, and clinics. Other factors associated with the use of hypnotics included comorbidities and area of residence. Comorbidities were assessed using the widely adopted Charlson comorbidity index (CCI) [24] , which includes 17 major diseases including cardiovascular conditions, chronic pulmonary disease, cancer, kidney diseases, diabetes, digestive diseases, and AIDS. However, because the CCI does not include psychological diseases or mental disorders, we also used the Elixhauser comorbidities [25] , which cover a total of 30 diseases including alcoholism, drug abuse, depressive disorders, and mental disorders. The Elixhauser comorbidities represent the number of diseases an individual has. Diseases were verified using the subjects' primary and secondary diagnosis codes as recorded in the NHI claims data from 2000 to 2009 (according to the International Classification of Diseases, 9th Revision, Clinical Modification [ICD-9-CM]). A particular disease was verified if a certain code appeared in the data more than three times. The CCI used in this study referenced the Deyo edition [26] , and the original Elixhauser comorbidities measure was adopted. Area of residence was divided into northern, central, southern, and eastern areas corresponding to the administrative regions in Taiwan.
Follow-up time and mortality outcome
The observation of study subjects began on January 1, 2000, and ended on the date of death for those who died or on December 31, 2009, for those who survived. The date of death was determined by examining the enrollment status according to the NHRD, and was verified using the medical claims data for the last record before death. From 2000 to 2009, 104,699 people died. The mean duration of follow-up was 9.66 years (standard deviation = 1.40). In addition to overall causes of death, we also analyzed the specific causes of death in the zolpidem group. The causes of death were classified based on the primary diagnosis related to mortality in the claims data of those who died during the study period into six main groups based on the number of deaths as follow: cancer (ICD-9-CM codes 140-208), respiratory conditions (ICD-9-CM codes 460-519), cardiovascular conditions (ICD-9-CM codes 390-459), digestive diseases (ICD-9-CM codes 520-579), accidents (ICD-9-CM codes 800-949), and others.
Statistical analysis
The characteristics of study samples including the level of main medical facility, area of residence, and CCI or Elixhauser comorbidities were updated from the baseline throughout the study period. Differences in these characteristics among the different hypnotics and comparison groups were tested using the chi-square and Student's t tests. Subsequently, the Cox proportional hazard model was used to analyze the relations among different hypnotics groups and the risk of mortality with or without adjusting for other variables. To better examine the effect of variables considered to be potential confounders related to the use of hypnotics and mortality, age, gender, and other covariates including the level of main medical facility, area of residence, cDDD, and CCI or Elixhauser comorbidities were added into the model using the forward stepwise method. Standard techniques were used to test model validity including interaction and collinearity. Different models yielded similar results and the model without interaction or stratification was presented. In addition, the influence of cDDD on mortality was also analyzed. The subjects who died within 1 year from the beginning of the observation were considered to have been potentially influenced by undiagnosed diseases, and we therefore determined whether omitting these subjects influenced or changed the results of the analysis.
To verify whether the results were robust and to minimize the potential effect of treatment selection bias, subjects were matched by age and gender and separately by propensity score matching (PSM) to calculate both the unadjusted and adjusted risks of mortality. Age in years and gender were individually matched between those who used hypnotics and those who did not. The matched pair ratio for both groups was 1:1. The PSM score was the predicted value produced in the logistic regression model in which the use of hypnotics was the dependent variable and the other measures included in the study were independent variables. The caliper matching method based on the score was then applied with a 1 to 1 match between the two groups. Comparisons of basic characteristics between groups before matching, after age and gender matching, and after PSM matching suggested that comparability for both groups after matching increased (data not shown). The same procedures were conducted for the age-and gender-matched sample and the PSM sample.
The secondary analysis was restricted to the specific causes of death for the subjects who took only zolpidem. Because the cDDD value was a cumulative amount affected by daily dosage and total duration of use, both variables were considered for the zolpidem users. Regarding dosage, in Taiwan, there are two available single doses of zolpidem: 6.5 mg and 10 mg. The subjects in this research mainly took 10 mg per day, with only a few subjects taking 6.5 mg or more than 10 mg (66 subjects took 6.5 mg [0.01%], 704,810 subjects were administered 10 mg [99.06%], and 6,616 subjects took more than 10 mg [0.93%]). Therefore, only the subjects taking a daily dosage of 10 mg zolpidem (124,086 people) were analyzed. To further examine how the duration of use influenced the risk of mortality, the total number of days in which the medicine was taken during the study period was divided into four groups: less than 30 days, 30-179 days, 180-364 days, and more than 365 days. We used SAS version 9.3 and SPSS version 20 for all statistical analyses. The level of significance was set at 0.05. There were no conflicts of interest in this study.
Results
Basic characteristics of the study subjects Table 1 shows the descriptive statistics of the characteristics of the study sample, which include the distribution of age, gender, comorbidity, levels of primary medical institutions, and area of residence for various groups of hypnotics use. Compared to the non-users, the users comprised slightly more women, older people, and people having more diseases. There were also differences in the area of residence and primary medical institutions, indicating that the treatment of hypnotics was influenced by medical levels and areas. Excluding the subjects who took a combination of two hypnotics or more, zolpidem was the most widely used prescription hypnotic, followed by BZDs.
The use of hypnotics and the risk of mortality
The crude risks of mortality for each of the studied variable are presented in Table 2 . All of the subjects who took hypnotics had a higher crude risk of death than those who did not. The highest crude risk of mortality was attributed to the use of BZDs, followed by the mixed use of hypnotics, non-BZDs, and zolpidem. In addition, gender, age, comorbidities, medical facilities, and area of residence were individually associated with death, suggesting that these covariates were potential confounding factors. Male gender, older age, and higher number of comorbidities were associated with a higher risk of death. An increasing trend between medical facility and death was observed, with more complicated cases in medical centers having the highest risk. People in different areas of residence also had different mortality risks. Table 3 shows the risk of mortality for the subjects taking hypnotics following adjustments for gender, age, comorbidities, primary medical institutions, and area of residence. Compared to the group that did not take hypnotics, the BZD and mixed hypnotics groups had the highest risks of mortality, whereas those who took other non-BZDs had a borderline lower risk or no statistically significant risk of mortality. Finally, the subjects who took only zolpidem had the lowest risk of mortality, with an adjusted risk of mortality 27-36% lower than for those who did not take hypnotics. Moreover, in the cDDD model, the mixed hypnotics and BZD groups exhibited higher risks of mortality, the zolpidem group showed lower risks of mortality, and no significant difference was found in the other non-BZD group. The model eliminating subjects who were died within 1 year after the beginning of the study showed similar results to those in the original model. In this model, the zolpidem group had an approximately 21-29% lower risk of mortality, and this remained significantly low compared to the group that did not take hypnotics. Table 4 shows the association between the use of hypnotics and mortality using two matching methods. The model in which people were matched by gender and age did not exhibit any significant differences from the model that used PSM. The model matching for gender and age showed that zolpidem lowered the risk of mortality by 24-33% compared to the non-users, and PSM demonstrated that zolpidem lowered the risk of mortality by 35-37%. Table 5 shows the analytical results of specific causes of death. Cancer exhibited the highest risk of mortality, septicemia did not show any statistical significance, and all other specific causes of death indicated that the use of zolpidem involved a low risk of mortality. Table 6 demonstrates the results of the secondary analysis regarding the duration of zolpidem use. Compared to the non-users or users with a lower dosage (Model 1), the results showed that the risk of mortality decreased with an increased duration of usage, regardless of whether comorbidities were adjusted for using the CCI or Elixhauser indices. The strongest protective effect was found in the subjects who had taken hypnotics for over a year, with a 43-54% lower risk of mortality. When the group with the lowest duration of use was set as the reference (Model 2), the group taking hypnotics for over a year still had a mortality reduction of 41-43%. 
Matching analysis results
Secondary analysis on zolpidem users
Discussion
In this ten-year cohort study, we analyzed the relationship between hypnotic usage and mortality. Our results showed that the BZD group and the mixed hypnotics group had higher risks of mortality compared to the non-users, whereas the zolpidem group showed a lower risk of mortality. Analyses using different matching methods yielded similar results. The relationship between zolpidem and specific diseases with respect to mortality rates showed that among all the specific diseases analyzed only cancer exhibited a higher risk of mortality, whereas other diseases indicated lower risks of mortality. This suggests that the reduction of mortality risks for specific causes of death among zolpidem users was not restricted to a single disease. Furthermore, the risk of mortality decreased with increases in the cumulative zolpidem administration period, suggesting a significant dose-response relationship between zolpidem and mortality.
Our results are compatible with the findings of studies conducted in other countries, which showed that taking BZDs could lead to a higher risk of mortality [8, 9, 13, 17, 20] . However, the results of studies on zolpidem have not been consistent. In two of the above studies, one found no significant relationship between total death and zolpidem use [16] , whereas the more recent study with a larger sample size found that the use of zolpidem was associated with higher risks of mortality and incident cancer [20] . Another study based on medical claims data, subjects taking zolpidem had a higher risk of cancer [27] . Although our results also indicated that the subjects taking zolpidem displayed higher risks of cancer-induced death, the overall risk of mortality was significantly lower. The possible reasons for the increased cancer risk may be the regurgitation that increases the risk of cancer of the upper digestive tract, or more health attention and surveillance including cancer detection for zolpidem users that facilitates the discovery of screening-related cancers [20, 27] . Zolpidem is a short-acting hypnotic that rapidly induces sleep and shortens sleep induction time [28] . It is an effective treatment for the insomnia characterized by an inability to fall Mixed indicates those who used at least two types of hypnotics: zolpidem and other non-BZDs, or non-BZDs and BZDs. BZDs = benzodiazepines; CCI = Charlson comorbidity index; HR = hazard ratio; CI = confidence interval; cDDD = cumulative defined daily dose. a HR has been adjusted for age and gender. b HR has been adjusted for age, gender, level of main medical facility, area of residence, and CCI.
c HR has been adjusted for age, gender, level of main medical facility, area of residence, and Elixhauser comorbidities. asleep. Since the 1960s a number of studies have enriched our understanding of the effect of sleep on health [29] [30] [31] . Other studies have further confirmed the relationship between poorer sleep quality and an increased risk of mortality [10] . Research relevant to sleep duration, mortality, and chronic diseases has revealed the importance of sleep duration on the risk of mortality [32, 33] as well as chronic diseases such as cardiovascular diseases [34, 35] and diabetes [36] . Thus, a plausible explanation of our findings is that individuals who want to sleep better use zolpidem to shorten sleep induction time and improve sleep [37, 38] . As a result, their overall risk of mortality is then reduced as compared with the non-users, with some of whom may also have sleep problems and poor sleep quality. Since the sleep information was not available in our study, similar investigation with sleep-related information is still needed. In addition, zolpidem, as previously indicated, is the most commonly prescribed hypnotics in Taiwan. Physicians are allowed to prescribe zolpidem instead of BZDs to patients with complaints related to sleep but not necessarily a definitive diagnosis of insomnia. It is therefore possible that zolpidem not only treats symptoms related to insomnia but also facilitates sleep and, consequently, provides better sleep quality. Thus, in this study, where we controlled for Mixed indicates those who used at least two types of hypnotics: zolpidem and other non-BZDs, or non-BZDs and BZDs. BZDs = benzodiazepines; CHR = crude hazard ratio; AHR = adjusted hazard ratio; CI = confidence interval. Model 1 is propensity score matching for age, gender, level of main medical facility, area of residence, and CCI.
Model 2 is propensity score matching for age, gender, level of main medical facility, area of residence, and Elixhauser comorbidities. a HR has been adjusted for age and gender.
possible confounding factors, the zolpidem but not BZDs users had a lower risk of mortality compared to the non-users. This study is unique for a number of reasons. First, the data are representative of the total population in Taiwan, with a large number of study subjects and a long follow-up period. Second, because zolpidem is the most commonly prescribed hypnotic in Taiwan, it was possible to determine the risk of mortality specifically for zolpidem alone. Third, several methods of adjustment for potential confounders or bias were employed, including the exclusion of subjects who died one year after the beginning of observation, and matching for potential confounders using PSM or gender-and age-matching. In addition, the results of models that separately adjusted for indices containing multiple diseases or individual diseases were similar (results not shown), indicating that our results after adjusting for diseases were robust. Finally, specific causes of death were analyzed for the patients using only zolpidem to identify the risk of mortality for each disease.
There are also several limitations in this study. First, the data contained in the NHIRD do not include certain factors potentially related to the use of hypnotics and mortality including lifestyle factors such as drinking, smoking, and physical activity, and genetic factors [39] and thus there may have been residual confounding effects. Second, it was not possible to determine whether the relationship between hypnotics and mortality was caused by medication or insomnia. Although numerous studies have indicated that deficiencies in sleep duration and quality increase the risk of death [10, 17, 32, 33] , the independent effect of zolpidem on mortality reduction should be interpreted with caution. Third, the use of prescribed hypnotics in the claims data is inferred from prescription data and therefore may not accurately reflect the actual usage. This may have resulted in an overestimation of the use of hypnotics. However, even if the users did not take most of the prescribed hypnotics, our findings would underestimate the effect of the use of hypnotics on death rates. Fourth, some patients may have obtained hypnotics from sources other than NHI prescription and thus the actual figures regarding the use of hypnotics may have been underestimated. However, the effect of this underestimation on the results of this study was likely minimal, as all hypnotics in Taiwan are controlled drugs and require a prescription. Fifth, we assumed that the users took hypnotics on a long-term and regular basis. The duration of using hypnotics was calculated from the beginning of the study for all study subjects. Since the actual duration of using hypnotics was not considered, it is likely that the information bias exists in our results. However, the mortality risk may have been overestimated for those using before the beginning of the study and underestimated for those using after the beginning of the study. As a result, it is possible that this bias could be non-differential. Sixth, the severity of diseases, especially terminal illnesses, may be important confounding factor in the association between the use of hypnotics and death [40] . Unfortunately, disease severity was not collected in the NHIRD, and it was unable to establish whether the use of hypnotics was attributable to terminal illness. Therefore, our findings could be biased to some extent. If these factors were taken into consideration, the risk of mortality for users taking BZD or mixed users may have been reduced but the protective effect for zolpidem may have been stronger. Seventh, data on diseases and health care were collected from the baseline throughout the end of the study. It is possible that diseases and use of health care resulted from the use of hypnotics, and the adjustment for diseases and use of health care may have led to an over-adjustment which would have obscured the association. However, the results were similar even if data on diseases and the use of health care at baseline only were considered in the model. Eighth, a limitation of our study relying on the observational data is that the study cannot prove a causal relationship, but rather an association between hypnotics, especially zolpidem, and death. Further and larger studies, particularly randomized controlled trials, are needed to confirm whether it would be beneficial for people with sleeping problems to take zolpidem. Finally, the association of zolpidem with mortality was weak and should be interpreted with caution because it still leave room for some skepticisms, including possible bias and uncontrolled confounders mentioned above. In summary, this investigation, which was a long-term observational study of a large sample found that the use of BZDs and combinations of multiple hypnotics was associated with an increased risk of mortality, whereas the use of zolpidem was associated with a lower risk of mortality. However, the mechanisms by which zolpidem reduces the risk of mortality, the roles of age and gender in the associations between hypnotics and mortality, and the factors affecting different specific causes of deaths (especially those with a significant risk reduction such as respiratory diseases, accidents, and digestive diseases), warrant further research.
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